Background: Neural precursor cell expressed, developmentally downregulated 9 (NEDD9), a member of Crk-associated substrate family, is involved in cancer cell adhesion, migration, invasion, and epithelial-mesenchymal transition. E-cadherin is a key event in the cellular invasion during the epithelial-mesenchymal transition mechanism. The aim of this study was to evaluate the association among NEDD9 expression, E-cadherin expression, and survival in triple-negative breast cancer (TNBC) patients. Methods: NEDD9 and E-cadherin expressions were analyzed by immunohistochemistry in 106 TNBC patients and 120 non-TNBC patients. And the association of clinicopathological factors with survival was analyzed using Kaplan-Meier analysis and Cox regression in TNBC patients.
Introduction
Triple-negative breast cancer (TNBC), which accounts for 10%-20% of all breast cancer patients, is a molecular subtype of breast cancer. 1 It is defined by the lack of estrogen receptors, progesterone receptors, and lack of amplification of human epidermal growth factor receptor 2.
2,3 TNBC is generally more aggressive, with poorer prognosis due to high rates of metastatic disease than hormone receptor-positive genotypes. 4, 5 Therapy of TNBC has been a challenge to the doctors although having treatment with surgery, chemotherapy, and radiation. [6] [7] [8] So far, many studies have focused on the identification of new biomarkers of TNBC, but the current biomarkers are less useful as prognostic markers. Therefore, new prognostic biomarkers that can predict therapeutic response and prognosis in TNBC patients are needed.
Neural precursor cell expressed, developmentally downregulated 9 (NEDD9), also called HEF1 and Cas-L, is best known for its roles in coordinating the FAK and SRC signaling cascades relevant to cell attachment, migration, and invasion. [9] [10] [11] [12] [13] NEDD9, belonging to a member of Crk-associated substrate family, is a multidomain scaffolding protein. 12 In recent years, studies have confirmed that NEDD9 contributes to cancer invasion and metastasis in several cancer types, such as breast cancer, [14] [15] [16] melanoma, 12 glioblastoma, 17 lung cancer, 18 and liver cancer. 19 It is believed that NEDD9 regulates cell adhesion, migration, invasion, and epithelial-mesenchymal transition (EMT). 15, [20] [21] [22] Hence, NEDD9 expression changes have been identified as a biomarker in tumor aggressiveness.
The E-cadherin accumulated by the CDH1 gene located on16q22.1 chromosome is a cell adhesion molecule performing as cell invasion, proliferation, and a metastasis suppressor. 23 E-cadherin is a key event in the cellular invasion during the EMT mechanism and in migration during the mesenchymalepithelial one. 24 Retrospective studies suggested that E-cadherin is a novel prognostic factor for TNBC. 25, 26 The aim of this study is to find out additional prognostic factors that can better identify TNBC with more aggressive behaviors. The current study examined the expressions of NEDD9 and E-cadherin in 106 TNBC patients, analyzed the possible correlation of NEDD9 and E-cadherin expressions with clinicopathological variables, and finally evaluated the association among NEDD9, E-cadherin expression, and survival in TNBC patients.
Materials and methods clinical specimens and patient data
From 2005 to 2010, a total of 226 breast cancer patients who were diagnosed and later underwent surgical resection at Shengli Oilfield Central Hospital were enrolled in this retrospective study. The tissue samples were collected from the tissue bank of the Department of Pathology in our hospital. A total of 226 cancer tissues were cut in wedge shapes and 57 normal tissues were cut at least 5 cm away from tumor margin. All of the patients in this study were diagnosed clinically and pathologically without having received preoperative chemotherapy or radiotherapy. Tumor stages and histopathology were defined based on the pathological tumor-node-metastasis (TNM) classification. Postsurgical chemotherapies, radiotherapy, and endocrinotherapy were confirmed according to the National Comprehensive Cancer Network guidelines. This study obtained consent from all patients and all procedures complied with the protocol and were approved by the Ethical Committee of Shengli Oilfield Central Hospital. All patients have follow-up records for 5 years by telephone or at the outpatient clinic till January 2010 or date of death.
immunohistochemistry and scoring
Immunohistochemical study was performed as described before. 27 Briefly, paraffin-embedded tissue sections were cut at 4 μm thicknesses and deparaffinized for 2 hours at 60°C and then washed with distilled water after two and three changes of xylene and ethanol, respectively. Antigen retrieval was performed with microwave retrieval method, after which they were quenched endogenous peroxidase activity by incubation with 3% hydrogen peroxide. Sections were incubated with rabbit polyclonal antibody against human NEDD9 (1:100; Abcam, Cambridge, MA, USA) or monoclonal antibody against E-cadherin (clone NCH-38, dilution 1:200; Dako Denmark A/S, Glostrup, Denmark) overnight at 4°C, followed by incubation with horseradish peroxidase-conjugated secondary goat anti-rabbit antibody (Abcam) for 1 hour at room temperature. Sections were then washed with PBS and the antigen-antibody complex was visualized by using the Metal Enhanced DAB Substrate Kit (Thermo Fisher Scientific, Waltham, MA, USA).
Scoring of sections was separately assessed by two researchers blinded to the clinicopathological characteristics of the specimens. Expressions of NEDD9 and E-cadherin were evaluated according to the percentage of positivestained cells and staining intensity. The percentage of stained tumor cells on each section was counted and scored as follows: 0 (,5%), 1 (5%-25%), 2 (26%-50%), and 3 (.50%) accordingly. The intensity of NEDD9 and E-cadherin staining were scored as follows: 0 (no staining), 1 (weak staining), 2 (moderate staining), and 3 (strong staining). The scores of each case were multiplied to give a final score of 0, 1, 2, 3, 4, 6, or 9. The scores 0-3 were regarded as low NEDD9 expression and 4-9 as high expression. E-cadherin expression was considered negative when scores were 0-1 and as positive when the scores were 2-9.
statistical analysis
Statistical analysis was performed using SPSS 17.0 software (SPSS Inc., Chicago, IL, USA). NEDD9 and E-cadherin expressions and clinical parameters were evaluated by the χ 
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neDD9 and e-cadherin expressions in TnBc survival (DFS) were plotted with the Kaplan-Meier method and the log-rank test was used to evaluate the differences. The association of clinicopathological factors with survival was analyzed using univariate Cox proportional hazards regression method. Prognostic factors for OS and DFS were determined by univariate and multivariate Cox analyses. A P-value ,0.05 was considered significant.
Results
The expression profiles of NEDD9 and e-cadherin in breast cancer patients
The clinical characteristics of patients are summarized in Table 1 . All patients were women and the mean age was 56 (range 28-79 years). The median follow-up was 27 months (range 9-60 months). The expressions of NEDD9 and E-cadherin in breast cancer tissues and nontumor breast tissues were evaluated by immunohistochemistry. High expression of NEDD9 was detected in 147/226 (65.0%) of breast cancer tissues and 7/57 (12.3%) nontumor breast tissues. Reduced E-cadherin expression was detected in 114/226 (50.4%) of breast cancer tissues and 8/57 (14.0%) normal breast tissues. The rate of high NEDD9 expression and reduced E-cadherin expression was significantly higher in TNBC group than that in non-TNBC group (P,0.001, both). Comparison of features between TNBC and non-TNBC groups showed that histological type (P=0.026) and lymph node (LN) metastasis (P=0.001) were significantly different (Table 1) .
Immunohistochemical examination showed that NEDD9 was located predominantly in the cytoplasm in the nests of tumor cells and E-cadherin was intensely expressed on the membrane and weakly in the cytoplasm. The different intensities of staining are shown in Figure 1 .
The correlation of neDD9 and e-cadherin expression with different clinicopathologic parameters
We evaluated the correlation between NEDD9 expression level and a series of clinicopathological factors in TNBC group (Table 2) . High NEDD9 expression was found to be neDD9 and e-cadherin expressions correlate with Os and DFs
The 5-year OS and DFS of TNBC patients based on NEDD9 and E-cadherin expressions are shown in Figure 2 . Notably, high expression of NEDD9 was significantly associated with a reduced 5-year survival for TNBC patients (OS: P=0.013; DFS: P=0.021). The 5-year OS was 63.1% in TNBC patients displaying high NEDD9 expression, while it was 90.9% in the low NEDD9 expression group. Similarly, the 5-year DFS of high NEDD9 expression was 58.3% in TNBC patients, while it was 81.8% in the low expression of NEDD9 group. (Table 4) .
We detected the outcomes of NEDD9-positive/ E-cadherin-negative, NEDD9-negative/E-cadherin-positive, NEDD9-positive/E-cadherin-positive, and NEDD9-negative/ 
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neDD9 and e-cadherin expressions in TnBc E-cadherin-positive (Figure 3 ). And we found that there were significant differences in OS and DFS comparisons (OS: P=0.004; DFS: P=0.001). Patients with NEDD9-positive/ E-cadherin-negative had a significantly worse outcome than other groups.
Discussion
TNBC is an invasive molecular subtype without specific target therapy. 28, 29 Compared to the other subtypes of tumor, TNBC is biologically more aggressive and is associated with higher recurrence rates and higher frequency of metastasis and poor OS in 5 years. [30] [31] [32] Moreover, TNBC is a heterogeneous disease. Thus, new markers to identify prognosis are necessary to allow a better characterization and appropriate therapeutic strategies for TNBC.
Tumor invasiveness often requires EMT during which cells lose lateral attachments and become more motile. In recent several decades, EMT in the role of epithelial tumor progression has been widely studied. 33 One symbol of EMT is downregulation of E-cadherin acting as a cell-cell adhesion protein, resulting in instability of the adherens junctions that connect cells. 34 By undergoing this transition, epithelial cells gradually lose their epithelial markers, such as E-cadherin, laminin-1, and cytokeratin, and express the mesenchymal markers, such as N-cadherin, β-catenin, and vimentin. As a consequence, epithelial tumor cells acquire the mesenchymal characteristic with increased invasiveness and migration, and ultimately lead to metastasis. [35] [36] [37] Accordingly, epithelial tumor cells get enhanced invasion and migration potential, and ultimately would metastasize to distant sites. 37 Mani et al found that activation of EMT in breast cancer epithelial cells results in expression of mesenchymal traits and markers. 38 Mani found that FOXC2 high expression was induced in cells undergoing EMT progress, and FOXC2 was associated with the aggressive basal-like human breast cancers. 39 Moreover, as an EMT inducer, LBX1 was shown to be upregulated in the triple-negative basal-like breast cancer. 40 These studies demonstrated that EMT played a key role in the invasion and metastasis of TNBC.
NEDD9 is a focal adhesion scaffolding protein related to p130 Crk-associated substrate. Several studies have proved that NEDD9 is connected with migration, invasion, and metastasis of cancer cells. Fashena et al found that NEDD9 induced cell motility and spreading in MCF7 cell lines, 11 and Izumchenko et al reported that the NEDD9-null genetic background significantly reduced the mammary tumor cells initiation in the MMTV-polyoma virus middle T genetic model. 14 Kong et al determined that NEDD9 was highly Abbreviations: ln, lymph node; neDD9, neural precursor cell expressed, developmentally downregulated 9; TnBc, triple-negative breast cancer; TnM, tumor-node-metastasis. expressed in human breast cancers and promoted migration and invasion in TNBC. Moreover, NEDD9 overexpression induced EMT process and promoted their interactions in vivo with the E-cadherin promoter. 15 Hence, NEDD9 seems to be related with tumor progression and metastasis and also a regulator in the EMT. In this study, our results revealed that NEDD9 was highly expressed in most breast cancer tissues compared with normal tissues. And, we showed that the rate of high NEDD9 expression was significantly higher in TNBC than that in non-TNBC group. Moreover, the expression of NEDD9 in TNBC patients was significantly associated with the LN metastasis and TNM stage. Our results were similar to these studies and suggested that high expression of NEDD9 may be involved in progression and EMT regulation of TNBC. The prognostic value of NEDD9 had been validated in other tumors: high expression of NEDD9 was an independent predictive factor in lung cancer 41 and hepatocellular carcinoma. 42 Consistently, we found that the TNBC patients with a high NEDD9 expression were associated with a shorter OS and DFS; furthermore, both univariate and multivariate Cox regression revealed that high NEDD9 expression was an independent poor prognostic factor. Consequently, it is worthy to further evaluate its value as a prognosis marker for the benefit of TNBC patients.
E-cadherin is one member of the cadherin superfamily. As a tumoral suppressor protein, E-cadherin has the ability to block the uncontrolled proliferation and cellular differentiation toward a malignant phenotype. 23 As a result, complete or partial loss of E-cadherin expression is involved in tumor invasion and metastasis process. 23 The process of breast cancer started with the embryonic life and progressed to tumoral progression linked to the ability of E-cadherin changing its phenotype from epithelial to mesenchymal features. Thus, E-cadherin is a pivotal element in the EMT process (promoting cellular invasion) and mesenchymal-epithelial one, respectively (promoting migration), 24 and in vivo studies of E-cadherin have mainly been focused on EMT and MET in breast tumoral pathology. 43, 44 Experimental evidence indicates that low-level expression of E-cadherin is a marker of poor prognosis. 25, 26 Tang found that tumor size, highly undifferentiated tumors, positive LN status, loss of androgen receptor, and E-cadherin expression were significantly associated with DFS and the OS in TNBC. And patients with E-cadherin-reduced expression showed a shorter DFS and OS. 26 Kashiwagi et al evaluated that low levels of E-cadherin were observed in 238 (41.5%) of the 574 breast cancer cases and 90 (73.2%) of the 123 TNBC cases. The reduction in E-cadherin was significantly frequent in cases of TNBC (P,0.001) and LN metastasis (P=0.032). The authors showed that TNBC patients with E-cadherinnegative expression predicted poorer outcomes in terms of OS and DFS than patients with E-cadherin-positive. 45 In this study, we examined the expression of E-cadherin in 106 TNBC by immunohistochemistry. The study showed that reduced E-cadherin expression was detected in 68/106 (64.2%) tumors. A reduction of E-cadherin expression was highly associated with LN metastasis (P=0.027) and TNM stage (P=0.022). This finding suggested that reduce of E-cadherin expression might be correlated to the development of LN metastases in breast cancer. Meanwhile, we found that E-cadherin-negative expression had a shorter OS and DFS. What is more, univariate and multivariate Cox regression showed that reduced expression of E-cadherin was an independent unfavorable prognostic factor. Thus, it is worthy to further evaluate its value as a follow-up parameter for the benefit of TNBC patients.
We further examined the correlation between NEDD9 expression and E-cadherin expression. The TNBC patients with NEDD9-positive/E-cadherin-negative expression had a significantly worse outcome than other groups. We found a negative correlation between NEDD9 and E-cadherin expressions, suggesting that NEDD9 may be involved in the invasion and metastasis of cancer cells through promotion of cell proliferation by the EMT process.
Conclusion
This study provides evidence that NEDD9 and E-cadherin expressions are associated with a poor prognosis of TNBC patients. Based on our results and other publications, NEDD9 and E-cadherin have an important role in TNBC progression, especially in its EMT process. Further studies are required to investigate the practical value of these new biomarkers and reveal its underlying mechanisms in the regulation of breast cancer progression.
